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(54) BLOCK OR GRAFT 
COPOLYMERS ANDTHEIR USE 
AS SURFACTANTS 

(57) The copolymers comprise at least 
two polymeric components of 
molecular weight at least 500 which 
arc derived from an oil-soluble 
complex raonocarboxylic acid, ob- 
tained by intcrcstcrificatlon of one or 
more monohydroxy-monocarboxylic 
acids together with a hydroxyl-frce 
monocarboxylic acid which acts as 
chain terminator, and a polymeric 



component of molecular weight at 
least 500 which is derived from a 
water-soluble polyalkylenc glycol. The 
copolymers may be cither oil-soluble 
or water-soluble depending on their 
composition and may be used as 
wetting agents, dispersing agents, 
emulsifiers or cmubion stabilisers. The 
oil-soluble copolymen, and their 
blends with low molecular weight 
conventional surfactants, arc of 
particular interest for the 
cmulsification of water in hydro- 
carbon fuel oils. 
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SPECIFICATION 

BLOCK OR GRAFT COPOLYMERS AND 
THEIR USE AS SURFACTANTS 

This invention rtlatcs to novel polymeric com- 
5 pounds, more particulariy to novd block or grift co- 
polymers whicb are useful as surfactants in liquid 
systems consisting of an oil phase and an aqueous 
pbase» to mediods for preparing such copolymers, 
and to surf actam cofl:^>ositions containing tfaem« 

10 The block or graft copolymers of the invention 
bdong to the dass in which one type of polymeric 
component is derived from an oil-soluble complex 
mooo-caibox^dic add and anodier type of polymeric 
con^x>nent it the residue of a water-soIdUo compound 

15 qtmafnme polyoxyattylene diaina. Certain memben 
of this dass are already known from British Patent 
No. M69^31» namdy copolymers oonststipg of a 
single blodc doived from die coaq)lex add and a 
single block whidi b the residue ci a polyalkyleDe 

20 glycol These copolymcn possess surfactant proper- 
ties, but the nature of their structure Um'!ts the range 
of variation of their chemical compositioo wfaicfa is 
possible, and hence the ability to choose a compo- 
sition wldch affotds the optiinum surface active 

25 characteristicsforany given ofl-water system. The 
o^ymen ci the present invention overcooie this 
dittdvantage. 

According to one aspect of the inventioa, there is 
provided a blodc or graft copolymer suitabb for use 

30 as a surfactant in a system condsting of an oilfduse 
and an aqueous phase, the o^lymer having a genetal 
formula (A— COO).— B,^«*erein mis an father tt 
least 2» wherein each pdymeric compooent A has a 
molecular weight of at least 500 and is the residue of 

33 an oil-sohible cofflfdex monocarbozylic add having 
tiie general structural formula 



R-CO 



1* 



H 



40 



45 



P H (I) 

in which 

R is hydrogen or a monovalent hydrocarbon or 
substituted hydrocarbon group; 

Ri is hydrogen or a noonovalent Ct to Ct4 hydro- 
carbon groi^i 

R« is a divalent Q to Ct4 bydrocarboa groq>; 

n is zero or 1; 

p is an integer from zero up to 200; 
and wherein each polymeric component B has a mole- 
cular weight of at least 500 and, in the case where m 
is 2, is the divalent residue of a watcr-solnble poly- 
alk^ene glycol having the general formula 



50 



-O-C-CH, 
H 



^ 

-0-C-CH,OH 



55 



60 



65 



70 



75 



80 



85 



90 



q » «n integer from 10 up to 500; 
or in the case wfaete m a greater tfatn 2, is tbe reddue 
of valency m of a water-soluble polyedier pdjcl 
having tbc general formula 



O-C-CH, - 
I 

H 



-0H> 

r /■ 



(III) 



m which 

Ri and m have thdr previous significance; 
r is zero or an integer from 1 to 500, provided that 
the total number of 

R, 

I 

— O— C— CH,— 



H 



units in the molecule is at least 10; 

R^ is the r esi d ue of an organic compound contain- 
ing in the molecule m hydrogen atoms reactive with 
an tlkykne oxide. 

The units of the formula 



Ri 



in which 

R« is hydrogen or a Ci to Q alkyl group; 



I 

H 



which are present in tiie molecule of the complex 
monocarboxylic add as represented by fcnmula I may 
be all the same or they may differ in respect of Ri> R( 
and n. The quantity p will not normally have tiie 
same unique vahie for all molecules of the complex 
add but win be statistically distributed about an aver- 
age value lying within the range stated, as is com- 
monplace in polymeric materials. 
Similarly, the units of the fonmila 

R* 

I 

— O— C-CH,— 



H 



which are present in the pc^yalkykne glycol or the 
pdyether pdyol as represented by formula n or 
formula III may be all the same or they may differ 
in respect of Rs. The quantity q in fonnola n will 
normally vary statistically about an average value 
within the range stated, and somewhat wider varia- 
tion may be deliberately introduced if desired by 
deriving the component B ftonx a mixture of two or 
more polyalkykne ^ycols of differing average chain 
lengdtt. Likewise the quantity r in formula m will 
be subject to statistical variation about an average 
vahie withhi the stated range, with the add iti onal lati- 
tude that the avenge value of r need not be the same 
for each citbtm groupings linked to the residue R«; 
in one or more of those groi^iings, r may indeed be 
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2ero> provided that the total number of units of the 
above formula in the polycther polyol molecule is not 
less than 10. The component B may if desired be 
derived from a mixture of two or more dif ercnt poly- 
5 ether polyols. 

The complex manocarboxyiic add, from whidi the 
polymeric components A are derived by the notional 
removal of the carboxyl group, is structurally the 
product of intcresterificadon of one or more mono- 

1 0 hydroxy-monocaxboxylic adds together with a mono- 
carboxylic add free from hydrQxyl groups which acts 
as a chain terminator. The hydrocarbon chains Ri 
and R, may be linear or branched R is preferably an 
alkyl group containing up to 25 carbon atoms, for 

15 example a straight-chain Ci,H,«-group derived from 
stearic add. Ri ts preferably a strai^t-chain alkyl 
group, aiul Rs is preferably a straight-chain alkylene 
group; for example, the unit containing Rt and Rs 
may be derived from 12-hydroiy*8tearic add 

20 The polyaDcylene glycol of the formula II, from 
which the polymeric component B may be derived by 
the notional removal of the two terminal hydroxyi 
groups, may be;, for example, a polyethylene glycol, a 
polypropjteic glycol, a mixed poly(edi3dcnc-propyl- 

25 cne) glycd or a mixed poly (ethylene-lwtylene) gly- 
col, that is to say, Ra may be hydrogen or a methyl or 
ethyl gnn^. 

The polyedicr polyol of the formula III, from 
which the polym^ con^wnent B may ahemativcly 

30 be derived by the notional removal of the m terminal 
hydroxyi groups, is die product ci condensation of an 
alkyiene oxide such as ethylene oxide and/or propyl- 
ene oxide with a oompoood containing a plurality of 
active hydrogen atoms. The compounds in question 

35 may be a polsiiydroxy compound such as ^ycerol, tri- 
methylolpropane;, pentaerytfaritol or sorbitol, or an 
mtem a l anhydride of sudi a polyfaydioxy CQn^>ound, 
for example sorbitan; ahemativdy it may be an 
amino compound for example ethylene rflamm^^ (if. 

40 ethylene triamine;, hexamcthylene diaxnine or phenyl- 
eoe diaminrj or an amide or a pdycaibo^lic ackL 
Where the polyedier pdyal is derived from a poly- 
hydrory compound, it is not necessarily Ac case that 
eadx of the origmal hydroxyi groups of that com- 

45 pound has reacted with die aUgiene oxide;, but any of 
those original hydroxyi grot^ whidi remain in thff 
polyetber polyol (i^ where r is zero in tiie formula 
HI) will normally talce part in the linking of the 
component B to the components A in the same way 

50 as the hydrox]^ groups which terminate the poly- 
(oxyallgrlene) chains. 

By d<>fin?ng that the complex monocarboxylic add 
is oH-sohible, we mean tiiat the oil phase of the 
system in yfMch the block or graft copolymer is to be 

55 used u surfactant should be better than a theta- 
solvent for the complex monocarboxylic add The 
s ignifi ca n ce of the expression " theta-solvcnt " is dis- 
cussed in « Polymer Handbook " (Ed Brandup and 
Inunergut, Intcrsdcnce, 1966) at pages IV 163—166. 

60 Briefly, this definition imi^ies that a polymer v^iich 
is dissolved in a solvent which b better than a theta - 
•olvcnt therefore exists In a non-self -associated con- 
dition. The definition is usuaUy satisfied by any liquid 
which would normally be referred to as a " good " 

65 solvent for the polymer in question. Considerable 



variation is possible in the con^osition of the com- 
plex monocarboxylic add whilst meeting the require* 
ment that the add should be oil-soluble in the fore* 
going sense, according to the chosen nature of die 

70 groups R, Ri and Ri. Generally speaking, the more 
the oil phase of the system tends towards a fully ali- 
phatic diaracter, yht longer will the hydrocarbon 
chains of these groups need to be. 
By defining that the polyalkylene glycol or poiy- 

75 ether polyol is water-soluble, we mean similariy ^t 
the aqueous phase of the system should be better than 
a tbeta-solvent for the pdyaflcjteic glycol or poly- 
ether polyoL In order for this requirement to be 
satisfied, it will usually be necessary for at least a sub- 

80 stantial proporticHi of the oxyalkylene units in the 
polyalkylene glycol or polyether polyol to be derived 
from cth^ene oxide. 

Preferably each of die polymeric components A has 
a mnlcoilar weight of at least 1000 (by " oaokcular 
85 wdght ' is meant herein number average molecular 
wdght). Thus vdiere, for example; the group R is 
derived from stearic add and the unit containing Ri 
and Ra together is derived from 12-hydroxy5tearic 
add, p wiU have a value of at least 2. Siniilarlyj it is 

90 preferred that die polymeric component B has A mole- 
cular wd^t of at least 1000. Thus where that COXDr 
ponent is the residue of a polyalk^ene glycol which 
is derived from ethsdcne oxide exdusivdyj q will pre* 
fcrably have a value of at least 23. Snnilady, where 

95 the component B is the residue of a polyether polyol 
which is derived from ethylene oxide as the sole 
alkyiene oxide, the total xmmber of oxyethylene units 
in the molecule will preferably be at least 23. 
In any given block or graft copolymer of the general 

100 formula hereinabove de&ied, the wdght ratio of the 
combined compooenti A to the component B may 
vary widdy. Typically the ratio will lie in the range 
from 9: 1 to 1 :9, but wdght ratios outside this range 
may be appropriate for certain applicadtms of the 

105 copolymers. In A--COO---B--OOC---A Mock co- 
polymcrs, where the component B is derived from 
polyethylene ^ycol and die components A arc derived 
from poly (12-liydroxy-ffCeatic add)^ the weigbt pro- 
porti(»i <^ polyethylene glycol residues may be, for 

110 example, from 20% to 80%. 

The block or gnft copolymers of die inveotian may 
be obtained by procedures which are well known in 
the art According to one procedure, they are pre- 
pared in two stages. In the first stage, the complex 

115 monocarboxylic add from which the Components A 
are to be derived is obtained by fntrrestrrificarion of 
a monohydroxy monocarboxylic add in the presence 
of a non-hydroxylic monocarboxylic add; in the 
second stage, diii con^>kx monocarboxylic add is 

120 reacted with the pdyalkjdene ^yod or potyetfaer 
polyd from whidi die component B is to be derived, 
in die ratio of m molar proportions to 1 molar pro- 
portion respecdvdy, aoco rding to die particular value 
of m in the case in question. The hydroxy group hi 

1 25 the monohydroxymonocarboxyiic add, and the caib- 
oxyi group in eidier caiboxyiic add, may be ptimiry, 
secondary or tertiary in character. Suitable hydroxy- 
carboxy lie adds for use in tlie first stage include 
gJycoUk add, lactic add, hydraoylic add and, in 

130 pardcukr 12^xydroxystearic add The non-4iydrox}itc 
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catboxylic add which acts as a chain terminator, and 
hence as a means of regulating the molecular weight 

the complex monocarfaozylic add, may be, for 
examj^ acetic add, propiooic add, caproic add, 

5 stearic acid or an add derived from a naturally occur- 
ring oil, such as tali oil fatty add Commercial quan- 
tities of 12-hydroxystcaric add normally contain 
about 15% of stearic add as an impurity and can 
convenicndy be used without further admixture to 

10 produce a complex add of molecular wdght about 
1500—2000. Where the nan-hydroxylic monocarb- 
oxyiic add is separately introduced, the proportion 
which k required in order to produce a complex 
monocarboxylic add of a given molecular wci^ can 

15 be determined dther by sin^e cqjcriment or by 
calculation. 

The interesterification of the monohydroxymono- 
carboxylic add and the non-hydrox^ monocarb- 
ox^c add may be effected by beating the starting 
20 materials in a suitable hydrooubon s(dvcnt sudb as 
toluene or xylene, whidi is able to form an azeotropc 
with the water produced in the csterification reaction. 
The reaction is preferably carried out in an inert 
atmosphere, e.g. of nitrogen, at a ten^)eniture of up 
25 to 250*C,conveniendy at the refluxing temperature 
of the solvent Where the hydroxyl group is secondary 
or tertiary the temperature employed should not be 
so high as to lead to dehydration of the add mole- 
cule. Catalysts for the interesterification, such as p- 
30 toluene sulpbonic add, zinc acetate, zirconium naph- 
thenate or tetrabutyl titanate, may be induded, with 
the object of dther increasing the rate of reaction at 
a given temperature or of reducing the temperature 
required for a given rate of reactioo. 
35 In the second stage of die first procedure for 
obtaining the block or graft copolymers of tite inven- 
tion, the complex monocarboxjdic add prepared in 
the first stage is reacted widi the polyalkylcnc ^ycol 
or polycther pdyol from which the component B is to 
40 be derived. For each molar proportion of tbe glycol 
or polyol, there are taken m molar proportions of the 
add, according to the particular value of m in the 
case in question. The reaction is suitably carried out 
under the same conditions as have been described for 
45 the first stage. 

According to the second procedure for obtaining 
the copolymers of the invention, the two reactions 
described above are carried out simultaneously, that 
is to say, die monohydroxy-monocarbox^ add, the 
50 non-hydroxyiic monocarboxylic add and the poly- 
alkylene glycol or polyedier polyol are all heated 
together, in tbe same proportions as would have been 
taken for the first procedure, in a hydrocarbon solvent 
at a temperature of up to250'C, optionally in the 
55 presence of a catalyst and observmg due precautions. 
The copolymers obtained by the two alternative 
procedures, from tbe same starting materials and in 
the same proportions, appear to be very similar in 
composition and characteristics but, because of its 
60 simplidty and consequent greater economy, die 
second procedure is to be preferred. 

Tbe novel block or graft copolymen of the inven- 
tion are useful particulaziy by virtue of tiieh: pro- 
nounced surface active properties. Thus they are 
65 hi^y effective as, for example, wetting and dispers- 



ing agents, as emulsifiers and as emulsion stabilisers. 
A particular feature of the copolymers is that they 
can be either water-soluble or oil-soluble, depending 
prindpally upon the chemical composition of the 
70 polyalkylcnc glycol or polycther polyol residue con- 
stituting the con^xmcnt B, and on the weight pro- 
portion of the total molecule which it provides* For 
example, copol3rmcr8 in which the components A are 
derived essentially from poly(12-hydroxystearic add) 
75 and tbe component B is derived soldy from polyctibyl- 
ene ^ycol, and in which the component B provides at 
least 65% by wdght of tbe total copolymer, are 
water-soluble. On the other hand, copolymers con- 
taining 40% or less by weight of a polyethylene 
80 glycol residue component B are not only soluble in 
aliphatic hydrocarbons but they also have the property 
of solubilising in such solvents conventional low 
mdecular surfactant! such as alkylphenol/ethylene 
oxide condensates, which are not of thcmolvcs soluble 
85 in aliphatic hydrocarbons. 

The arrangement of the polymeric components in 
the copolymers, and tbe manner in which the copoly- 
mers are prq>arcd, permit of a greater range of com- 
positions than is possible with some related cc^ly- 
90 mers vrtiich arc proposed for use as surfactants, in 
particular the block copolymers of the corresponding 
A— COO — ^B type which are described in British 
Patent No, 1,469,531, It is, for example, possible 
yfjxh dje (A— COO)m— B structure to formulate co- 
95 polymers having a lighcr molecular weigjit for a 
given HLB value (HLB stands for * Hydrophik- 
Lipophilc Balance ' and is a measure rf die relative 
proportions of water-soluble and oil-soluble com- 
ponents in a surfactant; see Griffin, C, J. Soc 
100 Cosmetic Chemists 1949,/ 311 and "Emulsions: 
Theory and Practice p. 232 ff (P- Bcchcr, Rein- 
bold, 1965)), For any given surfactant function, such 
as detergcncy, cmulsificarion or wetting, there k 
usually an optimum HLB vahie. The increase in the 
1 05 number of ofl-solublc chains per molecule in the bkx± 
or graft copolymers of tbe invention, as c(»npared 
with the copolymers described in the above-mentioned 
British patent, coupkd widi tbdr generally higher 
molecular wdght, results in a higher overall solvation 
1 1 0 energy of each surfactant molecule, which is mani- 
fested in a greater emulsion stability when die surf- 
actant has the appropriate HLB value for the system. 

An example of a particular block or graft copoly- 
mer accoiding to die invention is an ( A— COO)i — ^B 
115 block copolymer in whidicacb A component is the 
residue of poly(12-hydroxystearic add) chain-term- 
inated with stearic add and of molecular wd^ 
approximatdy 1750, and the B component b die 
residue of polyethylene gjycd of molecular wci^t 
120 approximatdy 1500. This copolymer thus contains ^ 
30% of polyttbykne glycol residues and is soluble in 
hydrocarbon oils, indnding those low in aromatic 
content such as low odour kerosene, diesd oil and 
mineral oils. 

125 According to another aspect of the present mvcn- 
tion tiierc is provided a blend of from 5% to 99% by 
wdghtof a blodc or graft copolymer of die 
(A— COO),r-B type as hereinbefore defined with 
from 1 % to 95 % by weight of a conventional furf- 

130 actant. By a conventional surfactant we mean a surf- 
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actant in which d» oil-soluble conqMoent (or each 
individual oil-soluhle component, if more than one is 
present in the molecule) has a molecular wei^t 
below 500. 

5 Such blends may be of widely varying compoiitfon ; 
dius the conventional surfactant may be non-ionic, 
cationic, anionic or amphoteric in character^ and ic 
may be cither water-soluble or oil-soluble. Depending 
upon these factors, the blends may be useful for a 

10 variety of different surfactant applications such as 
emiilsifiers and cleaning compositions. Preferably the 
conventional surfactant has an oil-soluble component 
of molecular weight less than 350. 
One class of surfactant blend according to the in- 

15 vcntion is of special interest for the emulsification of 
water in hydrocarbon fuel oils. For this purposci an 
oil-soluble copolymer of the invention is blended with 
an oil-soluble conventional surfactant, 
in a particular example, an (A — CO0)f — block 

20 copolymer, in which each A component is derived 
from poly(12-hydroxystearic add) of molfatlar 
weight 1750 and the B component is derived from 
polyethylene gjlycol of molecular weight 1500 and 
constitutes 30% by wei^ of the total copolymer, 

25 is blended with a condensate of nonylphenol **dtt 
four molar proportions of ethylene otide, preferably 
in die wei^ proportions of from 3:1 to 1:3. Ano^ 
particular blend of interest for the same purpose con- 
sists of the same (A— COO)r— B block copolymer 

30 as that just rcfened to and a condensate of a commer- 
cial blend of aliphatic alcohols conrninfng 13 and 15 
carbon attnns respectively with an average of four 
molar proportions of ethylene oxide, preferably in the 
weigjit proportions of from 3:1 to 1:3. These blends 

35 areotpableof gmngstablecmulsicmsof t^to25% 
ormore by weight <tf water in hydrocarbon fud ofls 
suds as petrol (gasoline) kerosene and diesel o3, par- 
ticulaiiy when emulsification Is effected by an enxulsi- 
fying device of the high energy mechanical or ultra- 

40 sonictypclf destred, die water ^ch» thus emulsi- 
fied luay contain a lower alcohol, for example meth- 
anol, wberthy the stability of the emulsion towards 
low temperatures may be mhanrrd and also any 
tendency for separation of die emulsicm, because of 

45 a density difference between the two phases, is 
reduced. 

There may also be incorporated in the foregoing 
blends co-folvents of low molecular weight which 
have some degree of surface acdvity in water-oil 

50 systems; exaiiq)les of aocb co-solvents are certain 
alcohols, sudi as hrxanol, nonanol and decanoL 

Another dass of surfactant bknd according to the 
invcndon b of special interest for die preparation of 
water-emulsifiahle cleaning compositions, which 

55 typically con^>rise a hydrocarbon solvent and one or 
more conventional surfactants as hereinbefore defined. 
In cases where these compositions contain hydro- 
carbon solvents of low aromatic content, tiieir formu- 
lation can present difficulty because of the faa that 

60 many of the convcndonal low molecular wei^ surf- 
actants of the ethylene oxide condensate type, whilst 
being sduble in aromadc hydrocarbons or in hydro- 
carbon mixtures containing substantial proportioas of 
aromatic constitQentB, are not soluble in aliphatic 

65 hydrocarbons alone. Furthermore, sodi surfactants are 



not normally soluble in the aqueous phase into which 
the composidon is to be emulsified. In this situat'on, 
flttiVflryr can be gained from the ability already men- 
doned of the bbdc or graft copolymers of the inven- 

70 don to sdubilise such aliphatic and hydrocarbon- 
insohible surfactants. Accordingly a further blend 
according to the invention consists of from 98% to 
40% by weight d an aliphadc hydrocarbon liquid, 
from 1% to 59% by wci^t of an oil-soluble 

75 A— (COO)oi — ^B type copolymer as hereinbefore 
defined and from 1% to 59% by weight of a conveu- 
donal surfactant insoluble in the hydrocarbon, the 
combined percentage wei^bts of the copolymer and 
the convcndonal surfactant not exceeding 60. In par- 

80 dollar, the blend may, for example, consist of from 
98% to 80% by wd^t of low-odour kerosene or 
similar aUphatic hydrocarbon of low aromadc con- 
tent, from 1% to 19% by weight of an 
(A— C00)«— B copolymer, in which each A com- 

85 ponent is derived from poly (12-hydroxy-stearic 
add) of molecular wei^t approximately 1750 and 
the B component is derived from polyethylene glycol 
of molecular wcig^ 1500 and constitutes 30% by 
weight of die total copolymer, and from 1% to 19% 

90 by weight of a condensate of nonylphenol with an 
average ci 6 molar proportions of ethylene oxide, the 
combined percentage weights of the second and third 
constituents not rrcrrdtng 20. 
Other surfactant blends incorporating die copdy* 

95 men of die invention indude blends vdiich are us^ul 
as cmnpositions for the forming of cutting oils, other 
metal-working fluids and fluids for hydraoilic power 
transmission. Such compositions are customarily con- 
centrates of mineral oil (often of low an»natic con- 

100 tent), optionally together widiodier lubricantti,cor- 
rosiffli inhibitors^ etc, ^R^iicfa are emulsifiable in water 
to gwe oil-in- water type emulsions. For this purpose, 
a block or graft copolymer according to die hivent'<Hi 
. may be btooded with an oil-soluble conventional surf- 

105 actant and a water-sohiUe conventional surfactant, 
togedier widi a xnberal oiL The con^KMttdon may 
fictionally contain also a corrosion inhibitor sudi as a 
long ditin amine or a petroleum sulphooate, as well 
as a surface-active solvent sudi as an aliphatic alcoboL 

110 The Invention is illustrated but not limited by the 
following Examples, in whidi parts and percentages 
are by wdglit. 

Example 1. 
Preparation of a blodc or graft copolymer of 
( A— COO)j— B type containmg 30% of polycthyl- 
115 ene glyoil moLwt 1500 residues, in two stages and 
in a single stage respectively, and use of these copoly- 
mers for emulsificaticm of water in diesd fuel oiL 
(i) 95.83 parts d a commercial grade of 12- 

faydroxystearic add containing 15% of stearic 
120 add, 17.04 parts of tohiene and 0.19 part of 

methane anionic add were heated together 
in a flask fitted with agitator, conde n s er . Dean 
and Stark water aeparacor and nitrogen inkt 
line* rvwyj ^y^'ftn was effected at 1C0**C unt'l 
125 the add value of the pdymeric mooocarb- 

o^Uc add had fallen to 33 mg KOH/g. This 
product had a solids content of 85% ; 770 
parts of die product was added to 290 parts of 
polyethi^cne glycol of average wt. 1500 
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in a similar apparatus to that used before 
Xyienc (8 parts) was added, tbe temperature 
was raised to 230*C and water was removed 
until tbe add value bad fallen to 15 mg 
5 KOH/g. Tbe product had a viscosity of 3 2 

poise at 25**C, measured at 75% wlids in 
high flash white spirit, and was obtained from 
tbe reactor at 94.8% solids. 

(ii) 583 parts of the above-mentioned commercial 
10 grade of 12-hydroxystearic add, 250 parts of 

polycdiylene glycol mol. wt. 1500, 1.7 pa:ts 
of tctrabutyl titanatc and 70 parts of xylene 
were rcartcd at 200*C in an apparatus similar 
to that used in (i) above, to an add value of 
15 5.8 mg KOH/g. The final solids content was 

92.3% and the viscosity 3.6 poise at 25 at 
75% solids in white spirit 

(iii) Each of Ac polymers described in (i) and (ii) 
(0.4 part) was dissolved separate^ in 80 parts 

20 of diesel fuel and 12 parts of demberalised 

water was emulsified into each mixture using a 
hi^bear agitator. The two resultant emul- 
sions were very similar in appearance and 
stabilityi both showing only slight separation 

25 after 48 hours. 

Bxampk 2. 

A Mock copolymer of similar type to that described 
fa Example 1 (ii) but containmg 39% polyethylene 
^ycol residues was pzq>ared| in the m anner described 

30 mdiat Example, from 3142 parts of polyethylene 
^ycd moL wt. 4000, 14 1 .4 parts of polyethylene 
glycol moL wt 1500, 700 parts of conmjctdal 12- 
l^dtoxystearic add, 2,4 parts of tctrabut^ titanate 
and 41 parts of xylene; the produa was oMidcnscd 

35 to an add value of 5.0 mg KOH/g solids 
content was 90.5%. 

Example 3. 

A block copolymer similar to that of Exan^^e 1 
(ii) but containing 50% polyethylene glycol residues 

40 was prepared, m the manner described in that £x^ 
ample from 523.6 parts of polycdiylenc glycol moL 
wt 4i)00, 59.0 parts of polyethylene glycol moL wt 
1500, 583 J parts of commercial 12-hydroxy3tearic 
add, 2.3 parts of tctrabutyl dtanate and 60 parts of 

45 xylene. The product was condensed to an add value 
of 5.3 mg KOH/g and Ac solids content was 92,1%. 

Example 4. 

Abiockcopolymcr similar to diat of Example 1 
(ii) but r^v^^in^ 62% polycdiylcnc ^ycol residues 

50 was prepared, in the manner described in that Ex- 
ample, from 713.4 parts of polycdijdenc glycol moL 
wt 4000, 437,5 parts of commercial 12-hydraxy- 
stearic add, 2.3 parts tetrabur^ titanatc aiKi 90 parts 
of X34ene; the product was condmsed to an add value 

55 of 5.9 mg KOH/g and tbe solids content wu 912%. 

Exan^le 5. 

A blod: copolymer of lower molecular wdgbt than 
that described fa £xan^>le 1 (ii) and cnnfatnfng 30% 
polyel±ylene glycol residues was prq>ared, m the 

described fa tl»t Example, from 303 parts of 
polyethylene glycol moL wt 1000, 54 parts of tall oil 



fatty adds, 643 parts of commercial 12-hydroxy- 
stearic add and 52 parts of xylene; the produa was 
condensed to an add value of 5.9 mg KOH/g and 
65 the solids content was 94.5%. 

Example 6. 

Emulsions were prepared by blending m a high- 
shear agitator 85 parts of diesd fuel oil, 15 parts of 
dcmincraliscd water and each in turn of the foUowmg 
70 surfactant additions: — 

(i) 0.45 parts of a condensate of nonylphenol with 
an average of 4 molar proportlofis of ethylene 
oxide; 

( ii) 0.48 parts of the block copolymer described 
75 m Example 1 (ii) ; 

(iii) 0.225 parts of a condensate of nonyl-pbenol 
with an average of 4 molar proportions of 
ethylene oxide and 0.24 part of the blod: co- 
polymer described in Examjrfe 1 (ii). 

80 Tbe emulsion from combination (i) broke withfa 
a few minutes of agitation bemg stopped; those from 
combinations (ii) and (iii) separated only slowly, 
that from (iii) showing significantly less separation 
than that from (ii) after 7 days storage, 

g5 Example 7. 

An emulsion of water fa diesd f ud oil which was 
stable at temperatures down to - 15**C was prepared 
by incorporating, by means of a high-shear agitator, 
3.75 parts of methanol and 11.25 parts of dcmincral- 

90 ised water into 85 parts of tiicoa containing 0.24 
parts of a ccmflcnsate of nonylphenol with an average 
of 4 molar pr(^)Qrtioiu of ethylene oxide and 0.24 
parts of the blodc copolymer described fa Example 1 
(ii). This emulsion showed litde separation after 

95 standfag for 1 week. 

Example 8. 

Into 80 parts of kerosene wcic mixed 4 parts of a 
commercial mixture of Cu and Cu primary alif^tic 
alorfiols, 0-62 part of the block copolymer described 

100 fa Example 1 (i) and 0.6 pan of a commerdal kw 
molecular weJ^ non-kmic surfactant whldi b essen- 
tially a condensate of tbe foregoing commercial prim- 
ary alcohol mixture with an average of 4 molar pro- 
portions of ethylene oxkle. Into tills oil phase was 

105 tijcn emulsified 40 parts of dcmincraliscd water, using 
a high-shear agiutor. The resultant emulsion showed 
little separation after 48 hours. 

Example 9. 

A watcr-fa-mincral oil enmlsion was pr^MUcd with 
no the aid of a bi^-shear agitator by adding 10 parts 
of dcmincraliscd water to 90 parts of a mineral oQ 
containing 0.15 part of tiic block copolymer descried 
faExampkl (i) and 0.15 part of tiie non-ionic surf- 
actant described fa ExBsnple 8, This emulsion showed 
115 litde separation after 24 hours. 

Example 10. 
5 parts of a condensate of nonj^phenol widi an 
w^crage of 6 molar proportions of cdiyia^oxide aiu^ 
5 parts of die blodc copolymer described fa Box^ 
120 l(ii) were added to 90 parts of low odour kwwene 
to give a dear sohition (tbe nonylpbcndl condensate 
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alone is insolubk in this kerosene). 5 pam of this 
soludoo were emulsified in 95 parts d water, heated 
to SO^C and sprayed onto a metal panel coated with 
a fyim of heavy fuel oiL The pand was substantially 
dcaned of o^ in 3 minutes. 

CLAIMS 

1. A block or graft copolymer suitable for use as a 
surfactant in a system cooatsdng of an oil phase and 
an aqueous phase, the copolymer having a general 
formula (A— COO)„— B, wherein m is an mtegcr at 
least 2, wherein each polymeric ocunpoaent A has a 
molecular wcig^ of at least 500 and is the residue d 
an oil-aohible complex monocaxboxylic add having 
die general structural formula 



15 R-CO 



H 



20 



25 



-0-C-(RJt,-COOH 

f " (I) 

in which 

R is hydros or a monovalent hydrocarbon or 
substituted faydrocatboa group; 

is hydrogen or a monovalent Ci to hydro- 
carbon group; 

Rf is a divalent Ct to C14 hydrocarboa group; 

niszeroor 1; 

p is an integer from zero iq) to 200; 
and wherein eadi polymeric mmpmymt B has a mole- 
cular weig^ of at least 500 and, in the case idiere m 
is 2, n die divalent residue of a water-soluble poly- 
all^ene glycol having the general formula 



H 



-O-C-CH, 
H 



^ 

-O-C-CH-OH 
I * 
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in ^i^dch 

R« is hydrogen or a Ct to Ct tSkfl group; 

q is an int^ from 10 up to 500; 
or in the case where m is gi e aiei ' than 2, is the residue 
of valency m of a water-fduble polyether potyol 
having the general formula 



35 



O-C-CH," 
H 



-OH 



(HI) 



in which 

R« and m have their previous significancx ; 
r IS zero or an Integer from 1 to 500y R« provided 
that the total number of 



40 



Rr 

I 



I 

H 

units in the molecule is at least 10; 



R4 is the residue of an organic compound contain- 
ing in tiie molecule m hydrogen atoms reacdve with 
an alkylene oxide. 

45 2. A copolymer as claimed in daim 1, wherein R 
is an alkyl group containing 14) to 25 carboa atoms, 
Ri is a straigfat-diain alkyl groiq) containing 1 to 24 
carboa atoms and Rs is a straigfat-dudn alkylene 
group containing 1 to 24 carbon atoms. 

50 3. A copolymer as claimed in claim 1 or daim 2 
wherein Ra is hydrogen or a methyl or ethyl group. 

4. A copolymer as claimed in any one of claims 1 
to 3 wherein tiie organic conqxnmd whose residue is 
dfsfgnatrd by R4 is a polyhydrozy compound. 

55 5. A copolymer as claimed in any rae of daims 1 
to 4 wherein each ctf the polymeric components A has 
a molecular wei^ of at least 1000, 

6. A copolymer as riafmrd in any one of daims 1 
to 5 wherein the polymeric component B has a mcle- 

60 cular weight of at least 1000. 

7. A copolymer as daimed in any one of daims 1 
to 6, wherein m is 2, die polymeric conapooents A are 
derived from poly(12-h;droxystearic add) diafn- 
terminated with stearic add and the pdymeric com- 

65 ponent B is derived from pdyetbjdcne glycol 

8. A copolymer as dahned in daim 7 which is 
water-sohible and in which the component B consti- 
tutes at least 65 % by weig^ of the total copolymer. 

9. A copolymer as daimed in daim 7 whidi is aol- 
70 uble in alii^dc hydrocarbons and in which the com- 
ponent B constitutes not more than 40% ^ weight 
of the total copolymer. 

10. A copdymer as daimed in daim 9 in which 
each polymeric r^pir^"'^ A is of mdecular weig^ 

75 atyrmdmatdy 1750 and die B com p onent is of mole- 
adar wd^ 1500, the B component constituting 
30% by weight of the total o^ymer. 

11. A Ucnd of ftran 5% to 99% by wdgjit <rf a co- 
pdymer as claimed in daim 1 widifrom 1% to 95% 

80 by weigjit of a conventkmal surfactuit in wfaidi the 
on-tohxhle component has a molecular wdgjxt bdow 
500. 

12. A blend as daimed in daim 11, wherein die 
ofl-ioiuble oompooeot of the cooventional t urfs rran t 

85 has a molecular weig^ bdow 350. 

13. A blend of a copolymer as daimed hi daim 10 
with a rrmdfflsatr of nonyipbenol with four molar 
proportions of ethylene oxide, in the weight propor- 
tions of from 3:1 to 1:3 respecdvdy. 

90 14. A blend of a copolymer as daimed In daim 10 
wirii a nindmi a Tr crf a co mm ercial blend of Cu and 
Cu aliphatic alcohols with four molar proportions of 
ethylene ozidei in the weigjit proportions of from 3:1 
to 1:3 respecttvdy. 

95 15. Ahlaidasdahxiedhidaiml3ordaiml4ia 
cm junction with a low mokcnlar weight sux£ace- 
active co-solvent. 

16, A blend of from 98% to 40% by weight of an 
ali^jhatic hydrocarboa liquid, from 1% to 59% by 

100 wdght of a copolymer as daimed in daim 9 and from 
1% to 59% by wd^of a conventiocal s arficfanr 
fP fft^M^ bi the hydrocarbon die oil-aoluble com- 
pooent of vdiidi has a ffldecular wdg^ bdow 50Q, 
the combined weig^ of the copolymer and the surf - 

105 actant not exceeding 60% of die total bknd. 

17, A blend u daimed in dahn 16, conslst'ng of 



